Fine Wire Developments
Early in 1970 it became apparent that the filament&q NbTi superconductor below about 2Op in diameter, from ail the major suppliers, had considerable electrical resistance, well below transition current levels.' Fig. 1 The results on 3 of these conductors appear on Fig. 1 . The regular alloy identified as lOu, December 1970 is to be compared with the lop, April 1970 curve discussed above.
One can see that the curve is vertical, so the metallurgical problems have been solved.
In addition, the critical current density has been much increased (the curve is moved to the right).
The 2 curves labeled experimental alloy are even more exciting.
The curve labeled 41.1 is a 3 mil wire and the vertical curve shows excellent metallurgy and the current density is quite high. The curve to the left is still a straight vertical line; the wire is only 1 mil and the filaments are only 1 l/ku.
The vendor is not willing to predict whether this drop in current density must occur in the region between 4u and lu or is dependent on processing procedure.
In any case, we have material at 4~ that is far better than material at 7u that was produced only half a year ago. Most synchrotron calculations have been done on the basis of filaments of 7 to 12~ diameter; we can now consider recalculation on the basis of the lower hysteretic loss 41.1 material.
Model Pulse Dipole Results
Fig. 2 is a picture of a pulse dipole using the older material mentioned above. Details are given by Ferd Voelker in paper I-10'.
The magnet was degraded in that it didn't reach its short sample limit. However, it pulsed easily at a B of 6kG/sec to its We thought it useful to take a new look at the systems aspects of superconducting synchrotron main rings in the light of the progress noted above. A relatively optimistic viewpoint was taken with regard to economical solutions of still outstanding problems. These cost estimates were done by Michael Green'. For NbTi superconductor, a filament diameter of about l/2 mil (12~) was assumed, so in this sense the suspension of disbelief required is minimal. An advanced high temperature high-field conductor, either filamentary NbsSn or VsGa, having the following properties was assumea: the cost per pound would be no higher than the NbTi materials, the average current density of the composite would be some 3 times that of the NbTi composite, the filaments would be as small or smaller than the NbTi filaments so that the pulse loss would be the same per ampere-meter of conductor. Fig. 3 shows total capital costs and capital costs plus 10 year power costs for both type materials vs synchrotron cycle time.
Since the magnet loss is hysteretic rather than resistive in nature, one naturally pays heavily for shorter cycle time.
One also gains proton intensity as the repetition rate increases. Fig. 4 shows the costs vs beam aperture, and a larger beam aperture is a way to gain more intensity.
The cost-aperture curve rises much more slowly for a superconducting magnet system than for a conventional copper-iron one. Hence, for a given intensity the superconducting synchrotron will tend to a slower--larger aperture optimum. Fig. 5 shows the final cost vs field and shows that the costs come to some 3 or 4 times lower than conventional machines when one includes the 10 year power bill.
An additional benefit is that higher energy main rings can be installed at copper-iron magnet sites at reasonable costs. Fig. 6 is a breakdown of individual component costs vs field for one specific set of parameters. The main conclusion of this data is that no one component dominates the total system costs. Dipole tnductlon (kG) Fig. 6 . Synchrotron cost -detailed breakdown.
